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(54) METHOD FOR PRODUCING WATER-REPELLING FILM-COATED ARTICLE, AND 
WATER REPELLING FILM-COATING LIQUID COMPOSITION USED FOR THE METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for producing a water-repelling film-coated 
article having an excellent water drop-rolling property, high scratch resistance and high 
weather resistance in excellent productivity without needing a baking process, and to provide 
a composition for water-repelling coating films having long lives. 
SOLUTION: This method for producing the water-repelling film-coated article, comprising 
coating a coating liquid containing a silicone alkoxide (or its hydrolyzate) and a fluoroalkyl 
group-containing silane compound in a solvent (especially an alcohol) on a substrate and then 
drying the coated coating liquid is characterized by carrying out the coating process and/or 
the drying process in an acid or alkali atmosphere. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the water-repellent film coating article characterized by 
performing said a part of environment [ at least ] applied or/and dried in the ambient atmosphere of an 
acid or alkali in the approach of manufacturing the water-repellent film coating article which applies to a 
base material and dries the coating liquid which dissolved a silicon alkoxide or its hydrolyzate, and a 
fluoro alkyl group content silane compound in the solvent. 

[Claim 2] Said coating liquid is (A) silicon alkoxide or its hydrolyzate (silica conversion). 0.01 - 2 % of 
the weight, (B) fluoro alkyl group content silane compound (silica conversion) The manufacture 
approach of the water-repellent film coating article containing 0.00001 - 0.15 % of the weight according 
to claim 1 . 

[Claim 3] Said coating liquid is (A) silicon alkoxide or its hydrolyzate (silica conversion). 0.01 - 0.6 % 
of the weight, (B) fluoro alkyl group content silane compound (silica conversion) The manufacture 
approach of the water-repellent film coating article containing 0.0001 - 0.03 % of the weight according 
to claim 1 or 2. 

[Claim 4] Said coating liquid is the manufacture approach of a water-repellent film coating article given 
in any 1 term of claims 1-3 characterized by making the silicon alkoxide in it have existed in the form of 
a monomer (hydrolyzate is included) or the polymer of less than 20 **** s . 

[Claim 5] The manufacture approach of a water-repellent film coating article given in any 1 term of 
claims 1-4 which apply said coating liquid to said base material front face so that said spreading and the 
film after drying may become the thickness of 5-200nm. 

[Claim 6] Said silicon alkoxide is the manufacture approach of a water-repellent film coating article 
given in any 1 term of claims 1-5 which are a tetramethoxy silane or a tetra-ethoxy silane. 
[Claim 7] Said fluoro alkyl group content silane compound is the manufacture approach of a water- 
repellent film coating article given in any 1 term of claims 1-6 which are what contains a fluoro alkyl 
group and contains an alkoxyl group, an acyloxy radical, or a chlorine radical. 
[Claim 8] Said fluoro alkyl group content silane compound is the manufacture approach of the water- 
repellent film coating article according to claim 7 which is 3-heptadecafluorodecyl trimethoxysilane. 
[Claim 9] Said environment applied or/and dried is the manufacture approach of a water-repellent film 
coating article given in any 1 term of claims 1-8 which are the ambient atmospheres of hydrochloric acid 
gas. 

[Claim 10] Said solvent is the manufacture approach of a water-repellent film coating article given in 
any 1 term of claims 1-9 which are alcoholic system solvents. 

[Claim 11] Said base material is the manufacture approach of the water-repellent film coating article 
according to claim 1 to 10 which is a transparent glass plate. 

[Claim 12] The water-repellent film coating article obtained by the approach given in any 1 term of 
claims 1-11. 

[Claim 1 3] from the water-repellent coat which uses as a principal component a base material and the 
oxidation silicon covered with the sol gel process by the base material front face, and contains a fluoro 
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alkyl group -- becoming - the front face of this water-repellent coat -- less than [ arithmetic mean 
granularity (Ra) =0.5nm ] -- it is - 10 [ and ] -- the water-repellent film coating article obtained by the 
approach given in any 1 term of claims 1-11 which has the granularity not more than point average-of- 
roughness-height (Rz) =5.0nm. 

[Claim 14] The water-repellent film coating article which it becomes a base material from the water- 
repellent coat which was covered with the sol gel process by the base material front face, and which uses 
oxidation silicon as a principal component and contains a fluoro alkyl group, and the fluorine 
concentration in the front face of this water-repellent coat expresses with the atomic ratio of a fluorine 
atom and a silicon atom, and is obtained by the approach given in any 1 term of claims 1-11 which is 0.8 
or more. 

[Claim 15] A silicon alkoxide, the liquid constituent for water-repellent film covering characterized by 
coming to dissolve a fluoro alkyl group content silane compound in a solvent, and making a silicon 
alkoxide have existed in the form of the monomer (hydrolyzate is included) or the polymer of less than 
20 ****s. 
[Claim 16] 

(A) a silicon alkoxide or its hydrolyzate (silica conversion) 0.01-2 % of the weight, and (B) fluoro 
alkyl group content silane compound (silica conversion) 0.00001 - 0.15 % of the weight, and (C) alcohol 
the remainder ~ since ~ becoming liquid constituent for water-repellent film covering. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of the goods with which the 
water-repellent film was covered by the front face, a water-repellent film coating article, and the liquid 
constituent for water-repellent film covering used for it 
[0002] 

[Description of the Prior Art] First, as a conventional technique, in case the water-repellent sex skin film 
is made to form in the front face of the base material of glass and others, the technique which forms 
substrate layers, such as a silica, between a base material and a hydrophobic layer for the purpose of 
raising the endurance ability of the water-repellent sex skin film is known. In addition, the substrate film 
concerned does so the effectiveness of preventing diffusion of an alkali component, when raising the 
bond strength of a base material and the water-repellent sex skin film and a base material contain an 
alkali component. 

[0003] Following two are known as an approach of forming this substrate layer and the water-repellent 
sex skin film. That is, they are the approach of making it into the two-layer membrane structure which 
forms the water-repellent film, after forming substrate film, such as a silica, in a base material, and a 
method of forming the liquid which mixed the substrate component and the water-repellent component 
to a base material, and making a substrate layer and a hydrophobic layer form by monolayer. 
[0004] The approach of forming a substrate layer and a hydrophobic layer by the latter monolayer excels 
[ process / membrane formation ] in productivity few. It is indicated by (1) JP 63-24554 B (2) JP 61 
[00O5] 5 A 0) JP ' 64 " 68477 ' A ' (4) JP > 4 - 33 8137,A, (5) JP,8-239653,A, etc. about this approach. ' ' 

[Problem(s) to be Solved by the Invention] The catalyst of an acid or alkali is added in coating liquid, 
and the reaction of hydrolysis and condensation polymerization was promoted, or it was made to react 
with the conventional technique mentioned above using the heat energy by baking. 
[0006] For example, a fluoro alkyl group content silane and a silicon alkoxide are hydrolyzed, and a 
condensation polymerization object and a copolycondensation object are made formed in the solution 
for covering before spreading with the technique indicated by (1) JP,63-24554,B, (2) JP,61-215235,A, 
and (4) JP,4-338137,A. For this reason, the compactness of the formed water-repellent sex skin film is 
low, and a baking process is needed in order to raise compactness. Moreover, except for the technique 
indicated by (3) JP,64-68477,A, the life of the constituent for coats is short. These cause a cost rise 
[0007] Moreover, the chlorosilyl radical of chlorosilicane used for the constituent for covering with the 
technique indicated by (5) JP,8-239653,A has very high reactivity. For this reason, it is necessary to 
perform preparation and preservation of coating liquid in the environment which does not contain water 
Moreover, the life of the constituent for coats is short. These cause a cost rise. Since detailed irregularity 
was furthermore formed in a coat front face, there was also a fault point that the abrasion-proof nature of 
a coat was low. 

[0008] Moreover, in any [ of the above (1), (2), (3), (4), and (5) ] case, by the reasons nil why the water- 
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repellent radical consistency on the front face of - with the bad stacking tendency of - hydrofuge radical 
with - surface irregularity is low etc., waterdrop rolled and there was a trouble that a sex was bad 
[0009] Then, this invention is the productivity which waterdrop rolled, was excellent in the sex and was 
excellent m the goods for water-repellent film covering which have high abrasion-proof nature and high 
weatherabihty, and aims at offer of the approach of manufacturing without needing a baking process 
[001 1] ^ ° ffer ° f ^ HqUid COnStituent for water -repeUent film covering with a still longer life. 

[Means for Solving the Problem] That is, this invention is the manufacture approach of the water- 
repellent film coating article characterized by performing said a part of environment [ at least 1 applied 
or/and dried m the ambient atmosphere of an acid or alkali in the approach of manufacturing the water- 
repel ent film coating article which applies to a base material and dries the coating liquid which 
dissolved a silicon alkoxide or its hydrolyzate, and a fluoro alkyl group content silane compound in the 
solvent as invention of claim 1 . 

[0012] As invention of claim 2, said coating liquid is (A) silicon alkoxide or its hydrolyzate f silica 
conversion). 0.01 - 2 % of the weight, (B) fluoro alkyl group content silane compound (silica 
conversion) It is the manufacture approach of the water-repellent film coating article containing 0.00001 
-0.15 % of the weight according to claim 1 . 

[0013] As invention of claim 3, said coating liquid is (A) silicon alkoxide or its hydrolyzate (silica 
conversion 0.01 - 0.6 % of the weight, (B) fluoro alkyl group content silane compound (silica 
conversion) It is the manufacture approach of the water-repellent film coating article containing 0 0001 - 
0.03 % of the weight according to claim 1 or 2. 

[0014] As invention of claim 4, said coating liquid is the manufacture approach of a water-repellent film 
coating article given in any 1 term of claims 1-3 characterized by making the silicon alkoxide in it have 
existed in the form of a monomer (hydrolyzate is included) or the polymer of less than 20 ****s 
L00 15] It is the manufacture approach of a water-repellent film coating article given in any 1 term of 
claims 1-4 which apply said coating liquid to said base material front face as invention of claim 5 so that 
said spreading and the film after drying may become the thickness of 5-200nm 
[0016] As invention of claim 6, said silicon alkoxide is the manufacture approach of a water-repellent 
him coating article given in any 1 term of claims 1-5 which are a tetramethoxy silane or a tetra-ethoxy 

[0017] As invention of claim 7, said fluoro alkyl group content silane compound is the manufacture 
approach of a water-repellent film coating article given in any 1 term of claims 1-6 which are what 
* a fl^ro alkyl group and contains an alkoxyl group, an acyloxy radical, or a chlorine radical 
[0018] As invention of claim 8, said fluoro alkyl group content silane compound is the manufacture 
approach of the water-repellent film coating article according to claim 7 which is 3- 
heptadecafluorodecyl trimethoxysilane. 

[0019] As invention of claim 9, said environment applied or/and dried is the manufacture approach of a 

rfSSSSESSST 8 article 8iven in any 1 tem of claims 1-8 which me the ambient atmos P her - 

[0020] As invention of claim 10, said solvent is the manufacture approach of a water-repellent film 
coating article given in any 1 term of claims 1 -9 which are alcoholic system solvents 
[0021] As invention of claim 11, said base material is the manufacture approach of the water-repellent 
turn coating article according to claim 1 to 1 0 which is a transparent glass plate. 
[0022] It is the water-repellent film coating article obtained as invention of claim 12 by the aooroach 
given in any 1 term of claims 1-11. F 
[0023] As invention of claim 13, it becomes a base material from the water-repellent coat which was 
covered with the sol gel process by the base material front face and which uses oxidation silicon as a 
principal component and contains a fluoro alkyl group. The front face of this water-repellent coat less 
than [ arithmetic mean granularity (Ra) =0.5nm ] And it is the water-repellent film coating article which 
has the granularity not more than (Rz) =5.0nm in ten-point average coarseness and which is obtained bv 
the approach given in any 1 term of claims 1-11. ~ y 
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[0024] It is the water-repellent film coating article which it becomes a base material from the water- 
repellent coat which was covered with the sol gel process by the base material front face, and which uses 
oxidation silicon as a principal component and contains a fluoro alkyl group as invention of claim 14 
and the fluorine concentration in the front face of this water-repellent coat expresses with the atomic ' 
ratio or a fluorine atom and a silicon atom, and is obtained by the approach given in any 1 term of claims 
1-11 which is 0.8 or more. 

[0025] It is the liquid constituent for water-repellent film covering characterized by coming to dissolve a 
si icon alkoxide and a fluoro alkyl group content silane compound in a solvent, and making a silicon 
alkoxide have existed as invention of claim 15 in the form of the monomer (hydrolyzate is included) or 
the polymer of less than 20 ****s. 

[0026] as invention of claim 16 - (A) silicon alkoxide or its hydrolyzate (silica conversion) 0.01 - 2 % 
ot me weight, and (B) fluoro alkyl group content silane compound (silica conversion) 0 00001 - 0 15 % 
ot the weight, and (C) alcohol the remainder - since - it is the becoming liquid constituent for water- 
repellent film covering. 

[0027] The description of this invention is making the acid or alkali used as a catalyst incorporate and 
react into the film from an ambient atmosphere by performing a part of environment [ at least ] of 
spreading or/and desiccation in the ambient atmosphere of an acid or alkali, without adding a catalyst in 
water-repellent film covering coating liquid. 

[0028] Therefore, since a catalyst is not included in coating liquid, the reaction of a silicon alkoxide and 
a fluoro alkyl group content silane compound does not progress in liquid. Consequently, it becomes 
possible to keep the life of coating liquid very long. 

[0029] Moreover, it is possible in a short time to incorporate a catalyst in the film from an ambient 
atmosphere. For this reason, the manufacture approach by this invention has high productivity It is 
Cmema r ily e Pr ° dUCtivity by this invention further furthermore, since a baking process is not needed 

[0030] Furthermore by the approach of this invention, it is in the inclination which a water-repellent 
radical concentrates on a covering maximum front face automatically into the film, and is arranged in 
the direction of a front face. Therefore, water-repellent film covering with the stacking tendency of a 
water-repe ent radical good in a water-repellent film covering front face and and the consistency of the 
water-repellent radical in a front face high rather than it gives a water-repellent finish by chemisorption 
hand coating, etc. afterwards like before can be formed. 

[0031] Moreover, the silicon alkoxide and fluoro alkyl group content silane compound which dissolved 
in solvents, such as alcohol, at homogeneity form precise water-repellent film covering in ordinary 
temperature. Furthermore, the alkoxide exists in the monomer or the condition that polymerization 
degree is low, in coating liquid. For this reason, the front face obtained is extremely excellent in smooth 
nature. 

[0032] The waterdrop which was very excellent rolls and the water-repellent film coating article 
obtained by this invention has a sex, abrasion-proof nature, and weatherability. The reason is the 
following three points. 

- - surface smooth nature with the high consistency of - hydrofuge radical with the sufficient stacking 
tendency ot a water-repellent radical is good. [0033] 

[Embodiment of the Invention] The following examples explain this invention. 

[0034] [Example 1] ethanol To lOOg, it is heptadecafluorodecyl trimethoxysilane 0 02g and tetra- 

ethoxy silane 0.6g was added, it agitated for 30 minutes, and the solution for water-repellent film 

covering was obtained. The presentation of the solution for water-repellent film covering is shown in 

1 able 1. Moreover, with the example and the example of a comparison which are mentioned later the 

presentation of each sample is shown in Table 1 

[0035] 

[Table 1] 

EtOH (g) FAS (g) TEOS (g) Example 1 100 

0.02 0.6 2 100 0.02 0.6 3 100 0.005 0.6 4 100 0.05 0.6 5 100 0.02 0.3 6 100 0.02 2.0 7 100 0.1 3.0 ----- 
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. Solvent FAS (g) TEOS (g) Water (g) Catalyst (g) SiC14 (g) Cl-FAS (g) 

Example of a comparison 1 81.2 0.26 9.5 4.04 5.0 EtOH (s) 0 1 N-HCl 4 85 3 1 92 
40.0 16.6 20.8 EtOH (g) 0.1 N-HCl 6 40.0 - - 16.6 20.8 1 1 AK225 (g) 0 1 N-HCl 7 79 24 - - *- 20 8 
0.36 0.4 ISO-L (g) 0.1 N-HCl 8 100 0.02 0.6 - 2 EtOH (g) (c-HCl) ----- [0036] 

[Table 2] 

Tetra-ethoxy gardenia fruit run Fluoro alkyl group Tetra-ethoxy silane One- 
month room temperature () [ silica conversion ] Content silane combination ** The storage back Weight 
/o(A) object (silica conversion) Polymerization degree A tetra-ethoxy silane Weight % (B) 

Polymerization degree Example 1 0.17 0.0021 1-2 1-2 2 0 17 0 0021 1-2 1- 

2 30 17 0.0005 1-2 1-2 4 0.17 0.00531-2 1-2 5 0.0860.0021 1-2 1-2 6 0.57 0.0021 1-2 1-2 7 0 84 0 0103 

J'5« i 7,7" ;7o77"7;7 E ™ple of a comparison 1 0.55 0.0055 4-30 6-50 4 7.0 0.12 4-30 

6-50 8 0 17 0 0021 1-3 4-30 this solution for covering was measured using 

founer transform nuclear-magnetic-resonance equipment (FT-NMR; "EX270" by JEOL) 
Consequently, only the absorption peak of the chemical shift showing existence of a tetra-ethoxy silane 
monomer (and the (part) hydrolyzate) was observed, and the absorption peak which shows existence of 
the polymer more than a tnmer was not detected. In addition, the absorption peak of the chemical shift 
showing existence of a tetra-ethoxy silane monomer is (-82 ppm), it of a dimer is (-89 ppm), and it of a 
tnmer is (-96 ppm). 

[0037] And this solution for covering contained 0.002% of the weight of heptadecafluorodecyl 
trimethoxysilane by silica conversion by 0.17% of the weight of the tetra-ethoxy silane, and silica 
(Si02) conversion (refer to Table 2). 

[0038] Moreover, after keeping this solution for water-repellent film covering for one month at a room 
temperature, when same measurement was performed, the polymer more than the same trimer as said 
measurement result was not detected. From now on, with this solution for water-repellent film covering 

mmoi^+u Ut i hat ^ rCa ? i0n ' S n0t P r °g ressin 8 in "quid- This shows that this solution is long lasting 
10039] On the front face of the glass substrate which washed this solution for water-repellent film 
covering, it applied by the flow coat method under 30% of humidity, and a room temperature was 
immediately left for about 5 minutes in the hydrochloric-acid-gas ambient atmosphere, and dried for 
about 1 minute under 30% of humidity, and a room temperature after that, and the water-repellent-finish 
glass plate was obtained. 

[0040] About the obtained water-repellent-finish glass plate, the water repellence was first evaluated by 
tie contact angle of water. Using the contact angle meter (product made from "CA-DT" Consonance 
Interface Science), waterdrop with a weight of 2mg was dropped at the glass plate front face, and the 
static contact angle was measured. In addition, it means that static water repellence is excellent so that 
the value of this contact angle is large. 

[0041] Moreover, waterdrop evaluated the engine performance which rolls the front face of a water- 
repellent-finish glass plate using whenever [ tilt-angle ]. Whenever [ this tilt-angle ] puts waterdrop with 
a diameter of 5mm on the water-repellent-finish glass plate front face arranged horizontally, makes a 
water-repellent-finish glass plate incline gradually, and is measured as an include angle (= criticality tilt 
angle) of a glass plate in case the waterdrop put on that front face begins to roll 
[0042] It can be estimated that dynamic water repellence is excellent, so that this critical tilt angle is 
small. For example, if this critical tilt angle is small, the raindrop adhering to the windshield aperture of 
the automobile under transit tends to disperse, and it means that an operator's field of view is hard to be 
barred. 

[0043] Moreover, the smooth nature of the front face of the obtained water-repellent-finish glass 
evaluated in cyclic contact mode by measuring the shape of surface type of glass using the atomic force 
microscope (product made from "SPI3700" SEIKO Electron). That is, the surface roughness of water- 
repe lent-timsh glass is estimated by arithmetic mean granularity Ra and the ten-point average of 
roughness height Rz. " 6 

[0044] Next, weatherability irradiated and evaluated ultraviolet rays on water-repellent-finish glass. It 
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examined on condition that the following using the ultraviolet-rays-proof testing machine f eye suner 
UV circuit tester W-13", Iwasaki Electric make) macnine ( eye super 

- Ultraviolet-rays reinforcement : 76**2mW /of the contact angles and the critical tilt angles of water 
ZlZTrt™ 2 ' " b ack P ane ^m P erature:48**2 degree-C, - exposure cycle: ('exposure 20 
hours, and darkness 4 hours) / cycle, and - irradiation time [ which, in addition, carries out an ion- 

mn C ^S" Water u We Z ,7 n8 f ° r 30 SCCOnds f ° r ever * hour 1 : 400 hours and > and an exposure. 

[0045] Moreover the following trials estimated abrasion resistance. An abrasion resistant test attaches a 

dry towel in a both-way abrasion tester (product made from New East Science), and is 0 3kg/cm2 of 

^0^ SC TK° nS b ° th T ay SHding ° f the water " re P el lent film covering front face was carried 
out 3000 Umcs. The contact angle and the critical tilt angle of water were measured after that. Moreover 

W U Sf'n Water " reP f ' ent ? m C ° Vering WaS mCaSUred With the transmission electron microscope 

ZZ^is tZl TabTe P 3 eS "* ""^ ° f * t0 the — ™« ° f each 

[0046] 

[Table 3] 

.. . ... First stage Water . repellent flJm coveri Weathering test After an 

antifriction trial Water-repel ent film covering First stage Criticality Surface roughness After contact 
ang e/ A contact ang e/sample Thickness Contact angle Tilt angle Ra/Rz Critical tilt angle A critical tilt 
angle (nm) (degree) (degree) (nm) / (run) /(degree) (degree) (degree) /(degree) -L...... 

9 0 3^T8 /22?n, 1 / 1 ,n 7 °' 4/3 , 5 fin 8 , !S 3/1 ° 6Xamp,e 2 40 1 1 1 6 °- 4/41 84/19 104/9 example 3 40 lo7 
9 0.3/2.5 81/22 101/10 example 4 40 1 13 5 0.4/3.9 89/16 101/10 example 5 20 1 1 1 6 0 5/4 4 83/21 
98/12 example 6 100 1 12 5 0.2/2.6 88/17 106/8 example 7 60 1 13 4 0 3/2 9 88/16 107/8 

JoTnoT/Sl^m^^ 3 C TT ™ 60 101 15 03/62 65/35 96 ' exam P le 2 of 18 comparisons 80 
13 0.3/5.7 61/39 76 /example 3 of 31 comparisons 60 92 23 0.5/9.1 60/37 71 /examnle4 of33 

comparisons 100 104 18 0.6/8.6 67/38 97 / example 5 of 20 comparisons 100 94 22 C o/lO 2 61/35 69 / 

3™9 P 3 83/2i 3^T Ti TJVA 2 ™ ' ^ 85/33 ?1 ' 7 ° f 39 COm P™ 10 * 10 18 

40 99 14 0 6/6 7 75/34 TSm comparisons 401 1 1 6 0.4/3.0 85/18 Example 9 of 106/9 comparison 

Z L 7 f 1 1 4 J C0047] It applied by the flow coat method on 

the front face of the glass substrate which washed the solution for water-repellent film covering 
produced like the [example 2] example 1 in the hydrochloric-acid-gas ambient atmosphere was left for 

££ oToThumS ™ onc T cid - gas ambient — as * is ' - d 

Stained * ™ m temperature after that ' and the water-repellent-finish glass plate was 

[0048] In the [examples 3 and 4] example 1 , the solution for water-repellent film covering was prepared 
0 00 W n o? 6 The" 1 * tT 8 ^if ^ ^ additi ° n of ^Ptadecafluorodecyl trimethoxysilane To 
100491 And fhi! t P f ° n ° f * n S ° IUtl0n f ° r water " re P ell cnt film covering is shown in Table 1 . 
E ] ?t f olutl ™ water-repellent film covering was used, like the example 1, it applied and 
dried and the water-repellent-finish glass plate was obtained. The result measured like the exampk Us 

oX IdO 05, an of , he P tad -afluorodecyl trimethoxysilane makes Teas of 

U.UU5g and 0.05g an example 3 and an example 4, respectively 

SVr^f ° n ' k measures j n the column of "the polymerization degree of a silicon alkoxide" of 
Table 1 like he approach stated in the example 1, and expresses to it in the detected range of he 

~ a ^—. 15 ° ° f ^ P ° lymeriZati0n ^ ° f a — fooxy silane (Ld the U 
[0051] In the [examples 5 and 6] example 1, the solution for water-repellent film covering was prepared 
like the example 1 except having changed the tetra-ethoxy silane addition into 0 3g or 2 (to 
Furthermore, the water-repellent-finish glass plate was obtained like the example fusing This solution 
The case where the additions of a tetra-ethoxy silane are 0.3g and 2.0g is made into an example 5 and an 

T X r P , 6 ' H r 7 eCtlV ? ly - PreSCntati0n ° f the S0luti ° n for -ter-rep 8 ellent iilm^M^ 
Table 1 , and the result measured like the example 1 is shown in Table 2 

[0052] [Example 7] ethanol It is heptadecafluorodecyl trimethoxysilane to lOOg. O.lg and tetra-ethoxy 
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silane 3 Og was added, it agitated for 30 minutes, and the solution for water-repellent film covering was 
obtained. After making the washed glass substrate immersed in the bath of the above-mentioned solution 
for water-repellent film covering and pulling up it the rate for lOOmm/in a hydrochloric-acid-gas 
ambient atmosphere, it was made to dry for about 1 minute at RH and a room temperature 30%, and the 
water-repellent-finish glass plate was obtained. The presentation of the solution for water-repellent film 
covering is shown in Table 1 , and the result measured like the example 1 is shown in Table 2 
[0053] It turns out that the water-repellent-finish glass plate obtained in the examples 1-7 shows the 
initial-contact angle of 1 06 degrees or more, and the initial criticality tilt angle of 9 or less times and it 
has the outstanding water repellence. The contact angles and the critical tilt angles after a weathering 
test are 80 degrees or more and 22 degrees or less, respectively, and water repellence is falling a little 
The contact angles and the critical tilt angles after an abrasion resistant test are 98 degrees or more and 
rnnSFJS ° f ^ res P ectivel y> and Jt turns out that it has the outstanding abrasion-proof nature. 
L0054] When X-ray-photoelectron-spectroscopy (ESCA) analysis of the water-repellent-finish glass 
plate furthermore obtained in the examples 1-7 was carried out, on the front face, it is F/Si=0 8-1 5 in 
the atomic ratio of F and Si, and it turned out inside that it consists of oxidation silicon. That is in the 
front face of water-repellent film covering, it turned out that the fluoro alkyl group which is a water- 
repellent radical is recognizing abundant existence. 

[0055] Moreover, the thickness of water-repellent film covering was 20-100nm, and Ra was 0 5nm or 
less, and the surface roughness of the covering was less than [ Rz=5.0nm ]. Consequently it was 
confirmed that the smooth nature of a water-repellent film covering front face is excellent 
[0056] Furthermore, as for the solution for water-repellent film covering used in the examples 1-7 
neither contained the tetra-ethoxy silane which, as for the tetra-ethoxy silane, only the monomer or the 
polymer of less than 20 ****s is contained in it, and has the polymerization degree of 20 or more ****s. 

[0057] Moreover, even after keeping these solutions for water-repellent film covering for one month at a 
room temperature, the polymerization object of the tetra-ethoxy silane in a solution did not change but 
it was shown that the reaction is not progressing in liquid. As for the water-repellent-finish glass plate 
furthermore produced using these solutions for water-repellent film covering, change was not seen for 
an initial-contact angle and an initial criticality tilt angle, weatherproof ability, and wear-resistant ability. 

[0058] [Example 1 of comparison] ethanol To 81.2g, it is a tetra-ethoxy silane. 9 5g and 
heptadecafluorodecyl trimethoxysilane 0.26g is added, and it agitates for 20 minutes, and, subsequently 
to this, is water. 4.04g and 0.1 -N hydrochloric acid 5.0g was added and it agitated for 2 hours Next this 
solution was put into the hermetic container, it put for ten days at 25 degrees C, and the solution was 
obtained. This solution was diluted with ethanol 5 times, and water-repellent-finish liquid was obtained 
1 fie presentation of this solution for water-repellent film covering etc. was shown in Table 1. Moreover 
it of the example of a comparison mentioned later was also shown in Table 1 . 

[0059] After applying by the flow coat method on the glass substrate which washed this water-repellent- 
finish liquid and drying it in drying room with a% [ of humidity ] of 30, and a temperature of 21 degrees 
C further, in atmospheric air, at 120 degrees C, it was made to dry for 20 minutes, then, it calcinated at 
250 degrees C for 1 hour, and the water-repellent-finish glass plate was obtained. The result measured 
like the example 1 was shown in Table 2. Moreover, the result which the example of a comparison 
mentioned later measured was also shown in Table 2. 

[0060] Furthermore, the fluoro alkyl group in the surface layer of water-repellent film covering is 
F/Si-0.5 (ESCA) in the atomic ratio of F and Si, and it was confirmed that there are few fluoro alkvl 
groups. J 

[0061] In the example 1 of the [example 2 of comparison] comparison, the water-repellent-finish glass 
plate obtained by performing only spreading and desiccation was made into the example 2 of a 
comparison, without performing 1-hour baking at the above-mentioned 250 degrees C 
[0062] As shown in Table 3, in especially this example 2 of a comparison, the property after an 
antifriction trial is not good. Although the reason is not certain, it is presumed as follows That is the 
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concentration of the tetra-ethoxy silane in the solution for water-repellent film covering (before dilution) 
is high, and since it moreover put for ten days after preparation, hydrolysis and the condensation 
polymerization reaction of a tetra-ethoxy silane progress in the solution for water-repellent film covering 
before spreading, and since the polymer of 20 or more *«**s of a tetra-ethoxy silane generated, it thinks 

[0063] [Example 3 of a comparison] After keeping the solution for water-repellent film covering in the 
example 1 of a comparison for one month at a room temperature, when the same evaluation mentioned 
above was performed further, the polymerization object of the tetra-ethoxy silane in a solution was also 
changing a lot, and it was checked that the reaction is progressing in liquid. Furthermore the water- 
repellent-finish glass plate produced like the example 1 of a comparison using this liquid was made into 
the example 3 of a comparison. 

[0064] [Example 4 of comparison] ethanol They are tetra-ethoxy silane 40g and heptadecafluorodecyl 
trimethoxysilane to 85.3g. 1.92g was added and it agitated for 20 minutes, and subsequently 16 6g of 
water and 20.8g of 0.1-N hydrochloric acids were added, it agitated for 2 hours, this was put into the 
well-closed container, it was left at 25 degrees C for 24 hours, and the solution for water-repellent film 
covering was obtained. The washed glass substrate was pulled up [ it was immersed and ] and applied to 
this solution for water-repellent film covering, it calcinated at 250 degrees C after desiccation for 1 hour 
and the water-repellent-finish glass plate was obtained. 

[0065] [Example 5 of a comparison] After keeping this solution for water-repellent film covering for 
one month at a room temperature, when the same evaluation was performed further, the polymerization 
object ot the tetra-ethoxy silane in a solution was also changing a lot, and it was checked that the 
reaction is progressing in liquid. Furthermore, the water-repellent-finish glass plate produced using this 
liquid was made into the example 5 of a comparison. " 

Ki^^Sf , m F le , 6 ° f C ° mparis0n] chlor °fluocarbon system solvent, it is tetra-chlorosilicane to 
CF3CF2CHC12 ( Asahi cunne AK-225", Asahi Glass make)40g. 1 g and heptadeca fluoro 
decyltnchlorosilane lg was added, it agitated for 30 minutes, and the solution for water-repellent film 
covering was obtained. 

[0067] Tetra-chlorosilicane was contained by the monomer or the dimer in the solution for water- 
repellent film covering. On the glass substrate which washed this solution for water-repellent film 
covering, it applied with the cotton pad under 30% of humidity, and a room temperature, and calcinated 
at 93 degrees C after desiccation for 1 hour, and after baking, solvent washing removed the superfluous 
silane from the glass front face, and the water-repellent-finish glass plate was obtained 

[ ° 06 , 8] ^l ShO r i 1 m Table 3 ' in this example 6 of a com Panson, the critical tilt angle of waterdrop is not 
good. Although the reason is not certain, it is presumed as follows. That is, since tetra-chlorosilicane 
does not dissolve in a fluorine system solvent at homogeneity, concentration nonuniformity occurs and 
very small irregularity is formed on the water-repellent covering front face after desiccation during 
covering at the time of membrane formation, it thinks. 

[0069] | The [example 7 of comparison] isoparaffin system hydrocarbon solvent ("Isopar L" product 
made from an exon) It is tetra-chlorosilicane to 79.24g. 0.36g and heptadeca fluoro decyltrichlorosilane 
0^4g was added, it agitated for 30 minutes, and the solution for water-repellent film covering was 
obtained. Tetra-chlorosilicane was contained for the solution for water-repellent film covering bv the 
monomer or the dimer in it. 

[0070] On the glass substrate which washed this solution for water-repellent film covering it applied in 
the flow coat under 30% of humidity, and a room temperature, and after desiccation, solvent washing 
removed the superfluous silane from the glass front face, and the water-repellent-finish glass plate wts 
obtained. The result measured like the example 1 is shown in Table 3. 

[0071] [Example 8 of comparison] ethanol It is heptadecafluorodecyl trimethoxysilane to lOOg 0 02g 
and tetra-ethoxy silane 0.6g was added, and it added, having agitated for 30 minutes and agitating 2g 
(product made from the Kanto chemistry) of concentrated hydrochloric acid subsequently and the 
solution for water-repellent film covering was obtained. 

[0072] On the front face of the glass substrate which washed this solution for water-repellent film 
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covering, applied by the flow coat method under 30% of humidity, and a room temperature, it was made 
3 a room temperature for about 1 minute, and the water-repellent-finish glass plate was obtained 
[0073] It was confirmed by the outside surface layer of the covering by X-ray photoelectron 
spectroscopy (ESCA) that it is F/Si=l .3 in the atomic ratio of F and Si. Moreover, it was checked that 
the polymerization objects of the tetra-ethoxy silane of the solution for water-repellent film covering are 
also 1 - a tnmer. & 

[0074] After keeping the [example 9 of a comparison], however this solution for water-repellent film 
covering for one month at a room temperature, when the same evaluation was performed the 
polymerization object of the tetra-ethoxy silane in a solution was changing a lot, and it was checked that 
the reaction is progressing in liquid. Furthermore, the water-repellent-finish glass plate produced using 
this liquid was made into the example 9 of a comparison. 

[0075] As shown in Table 3, except for the examples 3, 5, and 9 of a comparison, the initial-contact 
angle was excellent also in which example of a comparison. About the initial criticality tilt angle, except 
tor the example 8 of a comparison, also in which example of a comparison, it was large compared with 
the example mentioned above, waterdrop rolled, and it turned out that a sex is bad In addition the 
example 8 of a comparison was comparable as the above-mentioned example 
[0076] Moreo ver, the surface roughness of the obtained water-repellent-finish glass was also coarse 
compared with the above-mentioned example. Furthermore, it turned out that the weathering test is also 
interior as compared with an above-mentioned example. Furthermore, it turned out that abrasion 
resistance is also inferior as compared with an above-mentioned example 
[0077] F 

[Effect of the Invention] The description of this invention is spreading or/and a desiccation process and 
is the solution for water-repellent film covering being exposed to the ambient atmosphere of an acid or 
alkali, and making it react so that it can grasp from the above explanation 

[0078] Therefore, since there is no catalyst into the solution for water-repellent film covering, a reaction 
riE™ ^f 08 "* 8 I™? 8 St ° rage - Conse£ l uentl y> it becomes possible to keep the life of liquid very long 
[0079] Moreover, fundamentally, since a baking process is not needed, it is the manufacture approach 
that productivity is high. FH 

[0080] Furthermore, since orientation of the water-repellent radical is automatically carried out to a 
covering front face at the time of membrane formation, water-repellent film covering with a sufficient 
stacking tendency can be formed. In addition, water-repellent film covering is precise, and since it is 
excellent in smooth nature, the waterdrop which was very excellent rolls and it has a sex, abrasion-proof 
nature, and weatherabihty. F 



[Translation done.] 



